Anxiety negatively affects quality of life and psychosocial functioning. Previous research has shown that anxiety symptoms in healthy individuals are associated with variations in the volume of brain regions, such as the amygdala, hippocampus, and the bed nucleus of the stria terminalis. Brain lesion data also suggests the hemisphere damaged may affect levels of anxiety. We studied a sample of 182 male Vietnam War veterans with penetrating brain injuries, using a semi-automated voxel-based lesion-symptom mapping (VLSM) approach. VLSM reveals significant associations between a symptom such as anxiety and the location of brain lesions, and does not require a broad, subjective assignment of patients into categories based on lesion location. We found that lesioned brain regions in cortical and limbic areas of the left hemisphere, including middle, inferior and superior temporal lobe, hippocampus, and fusiform regions, along with smaller areas in the inferior occipital lobe, parahippocampus, amygdala, and insula, were associated with increased anxiety symptoms as measured by the Neurobehavioral Rating Scale (NRS). These results were corroborated by similar findings using Neuropsychiatric Inventory (NPI) anxiety scores, which supports these regions' role in regulating anxiety.
a b s t r a c t
Anxiety negatively affects quality of life and psychosocial functioning. Previous research has shown that anxiety symptoms in healthy individuals are associated with variations in the volume of brain regions, such as the amygdala, hippocampus, and the bed nucleus of the stria terminalis. Brain lesion data also suggests the hemisphere damaged may affect levels of anxiety. We studied a sample of 182 male Vietnam War veterans with penetrating brain injuries, using a semi-automated voxel-based lesion-symptom mapping (VLSM) approach. VLSM reveals significant associations between a symptom such as anxiety and the location of brain lesions, and does not require a broad, subjective assignment of patients into categories based on lesion location. We found that lesioned brain regions in cortical and limbic areas of the left hemisphere, including middle, inferior and superior temporal lobe, hippocampus, and fusiform regions, along with smaller areas in the inferior occipital lobe, parahippocampus, amygdala, and insula, were associated with increased anxiety symptoms as measured by the Neurobehavioral Rating Scale (NRS). These results were corroborated by similar findings using Neuropsychiatric Inventory (NPI) anxiety scores, which supports these regions' role in regulating anxiety.
In summary, using a semi-automated analysis tool, we detected an effect of focal brain damage on the presentation of anxiety. We also separated the effects of brain injury and war experience by including a control group of combat veterans without brain injury. We compared this control group against veterans with brain lesions in areas associated with anxiety, and against veterans with lesions only in other brain areas.
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Introduction
Anxiety is an emotional response that arises in situations of conflict and uncertainty (Gray, 1982) . The symptoms of anxiety include hyperarousal and worry (Bishop, 2007) . In stressprovoking situations, the behavioral expressions of anxiety, such as displays of tension, increased agitation and locomotion, and defensive hostile behavior may be observed and reliably quantified in humans (Lippert-Gruner, Kuchta, Hellmich, & Klug, 2006) and other species (Kalin & Shelton, 2003) .
In this study, we wished to investigate areas in the brain that when lesioned affect anxiety levels. We used voxel-based lesionsymptom mapping (VLSM) to determine where lesions are associated with higher NRS anxiety ratings. VLSM computes a t-value comparing behavioral scores in patients with and without damage to a voxel. It performs a whole-brain, voxel-by-voxel, hypothesis-free analysis, rather than attempting to categorize patients based on lesion location. Because TBI patients have been shown to have increased prevalence and severity of anxiety (Fann, Katon, Uomoto, & Esselman, 1995; Rapoport, McCauley, Levin, Song, & Feinstein, 2002) , we expected that the NRS would reveal increased anxiety in veterans with TBI. We used a control group of veterans who did not suffer brain injury, but who otherwise shared a similar war experience. 
